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Abstract 


Published  data  have  been  used  to  calculate  K-factors  for  the 
helium-hydrogen  system  over  the  range  of  17.4     to  21.8    K  and  2  to 
32  atmospheres  pressure.     K-factors  are  presented  graphically  for 
three  isotherms  over  this  range.     A  bibliography  of  approximately 
290  references  is  also  presented  on  related  properties  for  this 
system  and  for  the  pure  components. 
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1 .     Introduction 
1 . 1   Purpose 

Hydrogen  is  frequently  found  as  a  companion  gas  in  helium 
sources.     If  this  helium  is  to  be  liquefied,    a  most  rigorous  purifica- 
tion is  required  to  prevent  blocking  of  the  liquefier  by  solid  impuri- 
ties.    The  exacting  design  of  such  a  helium  purification  system 
requires  a  knowledge  of  the  physical  equilibria  behavior  of  the  hydro- 
gen-helium system. 

As  an  initial  step  in  the  study  of  the  physical  equilibria  of  the 
hydrogen-helium  system,    a  literature  survey  was  made.      This  paper 
presents  the  results  of  that  survey,  which  includes  the  current  know- 
ledge of  the  vapor -liquid  equilibria,    and  selected  properties  of  the 
pure  components. 

1.  2  Organization 

The  information  is  presented  in  three  principal  parts:     (1) 
physical  equilibria  with  major  emphasis  on  vapor -liquid  equilibria; 
(2)  properties  related  to  physical  equilibria;  and  (3)  a  bibliography  of 
references.     Some  discussion  is  presented  with  Part  (1).      The  infor- 
mation of  Part  (2)  is  presented  in  tabular  form  showing  the  reference 
where  important  data  are  to  be  found.     Part  (3),    the  Bibliography, 
lists  the  references  alphabetically  by  author. 

1 .  3  Scope 

A  literature  search,    as  summarized  in  NBS  Technical  Note 
No.    56,    revealed  most  of  the  pertinent  data.     Such  data  were 
abstracted,    and  presented  in  the  form  of  K-factor  charts,    and  as  a 
bibliography  of  references  for  related  areas  of  interest.     The  areas 
searched  are  presented  in  the  above  reference  and  will  not  be  enu- 
merated here.     Generally  speaking,    the  literature  was  searched 
extensively  and  includes  articles  published  up  to  I960.     This  report 
does,    however,    include  additional  references  obtained  from  a  search 
of  Volumes  1  through  5  of  the  series    "Advances  in  Cryogenic  Engi- 
neering". 


2 
2.     Survey  of  Literature 

Only  one  reference  was  found  relating  to  the  vapor -liquid 
equilibria  for  the  helium-hydrogen  system.      This  reference,    Smith 
(247),    presented  pressure-concentration  data  for  three  temperatures, 
17.4°,    20.4°  and  2l.8°K. 

No  related  physical  data  are  actually  presented  in  this  paper; 
only  the  references  for  such  material  are  listed.     Other  areas  so 
covered  include  adsorption  phenomena,    purification  processes,    solu- 
bility relationships,    density  and  compressibility  data,    thermodynamic 
and  transport  properties,    P-V-T  data,    critical  constants,    virial 
coefficients,    analytical  techniques  and  various  processing  references. 
Such  material  for  the  pure  components  as  well  as  for  mixtures  of 
helium  and  of  hydrogen  is  included  in  many  cases. 

The  P-T  region  explored  by  Smith  (247)  is  shown  in  Figure  1. 
(The  data  needed  to  prepare  the  P-T  diagrams  for  hydrogen  and 
helium  were  taken  from  Johnson  (134),    Scott  et  al.    (243)  and  Keesom 
(151)). 


3.     Discussion  of  Available  Data 

Admittedly,    the  data  presented  herein  cover  only  a  narrow 

o  o 

temperature  range:  namely,    from  17.4     to  21.8    K.     However,    for 

this  system  one  could  expect  the  data,    at  best,    to  vary  over  a  narrow 

range.     Complete  data  would  extend  roughly  from  the  triple-point 

temperature  of  hydrogen  (13.9    K)  to  the  critical  temperature  (33.0    K). 

The  difficulties  of  investigating  this  system  completely  are  obvious. 

The  treatment  given  the  original  data  of  Smith  (247)  consisted 
of  making  appropriate  calculations  to  arrive  at  K-factors  for  each 
component.      (In  some  cases  it  was  necessary  to  supplement  the 
tabulated  data  of  Smith  with  P-x  and  P-y  values  from  his  various 
plots).     K  is  defined  as  y/x;  where  y  is  the  mole  fraction  of  a  compo- 
nent in  the  vapor  phase  and  x  is  the  mole  fraction  of  that  component 
in  the  liquid  phase.      K-factors  were  calculated  for  each  component  at 
a  given  temperature  and  pressure.     Initially  a  plot  of  K  versus  P 
(total  pressure)  was  prepared  for  each  component.      The  data  did  show 
some  scatter,    especially  for  helium  K-factors.      The  best  smooth 
curve  was  drawn  through  the  plotted  points  and  this  curve  was  then 
transferred  to  another  plot  (Figure  4). 
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Figure     1.         Regions  Covered  by  Published  Data 


It  should  be  noted  that  the  20.  4     and  21.8    K  isotherms  for 
helium  cross  at  approximately  10  atmospheres.     Since  the  Boyle 
point  of  helium  is  near  20    K,    one  would  expect  a  reversal  of  the  gas 
solubility  in  that  region.      This  is  in  fact  shown  by  the  data. 

It  is  not  the  purpose  of  this  article  to  make  a  test  of  the  data 
for  thermodynamic  consistency.     Smith  does  treat  his  data  from 
several  thermodynamic  viewpoints. 


4.      K-Factor  Charts 

Figures  2  and  3  are  plots  of  the  K-factors  for  helium  and  for 
hydrogen,    respectively.     Figure  4  shows  the  curves  for  both  helium 
and  hydrogen  as  taken  from  Figures  2  and  3.     In  Figure  4,    helium 
K-factors  are  above  the  line  K    =     1  and  those  for  hydrogen  are  below. 
If  the  data  extended  to  higher  pressures,    the  isotherm  could  be 
expected  to  close  at  the  high-pressure  end.     Such  closure  would  occur 
at  the  line  K    z     1.      This  line  thus  represents  the  locus  of  the  plait 
points. 

Figure  4  permits  the  calculation  of  the  vapor  and  liquid  phase 
equilibrium  composition  at  a  given  system  temperature  and  pressure. 
After  obtaining  the  individual  K-factors,    one  simply  substitutes  into 
the  following  series  of  equations: 

Kx     z    y1/x1  (1) 

K2     =     y2/x2  (2) 

xx     +    x2    =    1.0  (3) 


v1    +   y2    -    l.o  (4) 


The  subscripts  refer  to  the  components,    helium  and  hydrogen.     As  an 
example,    at  T     =     20.4 
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Figure    4.         Vapor -Liquid  Equilibria        Helium-Hydrogen  System 


8 
Solving  equations  (1)     -     (4)  gives 

xTT       =    0.0245;    xTT       =    0.9755 
He  H2 

y„       =     0.9083;     y__       =     0.0917 
He  H2 

Other  relationships  involving  K-factors,    e.g.    relative  volatilities, 
could  also  be  easily  calculated. 
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TABLE    I 

HELIUM-HYDROGEN 
PRESSURE-CONCENTRATION  DATA 

Reference':    Smith  (247) 


Temperature 

Pressure 
atm 

Liq 

uid 

Vapor 

K 

Mole   %  He 

Mole   %  H 

Mole  %  He 

Mole  %  H 

He 

H2 

17.4 

3.  27 

0.  19 

99.81 

83.40 

16.  60 

439 

0.  166 

17.4 

3.  27 

0.  20 

99.80 

83.  50 

16.  50 

418 

0.  165 

17.4 

5.65 

0.  22 

99.78 

90.  10 

9.90 

410 

0. 0992 

17.4 

5.65 

0.  28 

99.72 

90.  80 

9.20 

324 

0. 0923 

17.  4 

6.  53 

0.  27 

99.73 

91.76 

8.  24 

340 

0. 0826 

17.4 

9.  59 

0.  45 

99.  55 

93.47 

6.  53 

208 

0. 0656 

17.  4 

9.59 

0.  51 

99.49 

93.41 

6.59 

183 

0. 0662 

17.4 

14.  08 

0.67 

99.  33 

94.  31 

5.69 

141 

0. 0573 

17.4 

14.08 

0.74 

99.26 

94.44 

5.  56 

128 

0. 0560 

17.4 

21.  50 

1.05 

98.95 

95.  04 

4.96 

90.  5 

0. 0501 

17.4 

21.  50 

1.  08 

98.92 

95.  02 

4.98 

88.  0 

0. 0503 

17.4 

24.  35 

1.  11 

98.89 

95.  16 

4.84 

85.7 

0. 0489 

17.4 

24.  35 

1.  15 

98.  85 

95.  21 

4.79 

82.  8 

0. 048  5 

20.4 

4.29 

0.  59 

99.41 

72.90 

27.  10 

124 

0.273 

20.4 

6.94 

0.87 

99.  13 

82.  50 

17.  50 

94.8 

0.  177 

20.4 

12.  04 

1.  53 

98.  47 

87.  20 

12.80 

56.  9 

0.  130 

20.4 

17.41 

2.  16 

97.84 

89.  00 

11.00 

41.2 

0.  112 

20.4 

19.80 

2.47 

97.  53 

90.  16 

9.84 

36.5 

0.  101 

20.4 

23.81 

2.77 

97.23 

90.70 

9.30 

32.7 

0.0956 

20.  4 

24.83 

2.95 

97.05 

90.  20 

9.80 

30.6 

0.  101 

20.4 

24.83 

2.97 

97.  03 

90.  20 

9.80 

30.  4 

0.  101 

20.4 

25.  51 

2.89 

97.  11 

90.  70 

9.  30 

31.4 

0. 0958 

20.4 

27.62 

3.  06 

96.  94 

90.40 

9.60 

29.  5 

0. 0990 

21.8 

2.93 

0.  18 

99.82 

61.3   * 

* 
38.7 

341 

0.  388 

21.8 

3.74 

0.  34* 

99.66* 

65.8 

34.2 

194 

0.  343 

2 J.  8 

5.17 

0.  52* 

99.48* 

71.  5 

28.  5 

138 

0.  286 

21.  8 

5.  58 

0.29 

99.71 

74.0  * 

26.0   * 

255 

0.  261 

21.8 

10.  68 

1.21 

98.79 

83.  6 

16.4 

69.  1 

0.  166 

21.8 

10.68 

1.36 

98.64 

83.7 

16.3 

61.5 

0.  165 

21.8 

12.86 

1.55* 

98.45* 

82.  2 

17.8 

53.0 

0.  181 

21.8 

20.82 

2.44 

97.56 

88.9   * 

11.1 

36.4 

0.  114 

21.8 

26.26 

3.06 

96.94 

87.4 

12.6 

28.6 

0.  130 

21.8 

26.26 

3.  13 

96.87 

87.2 

12.8 

27.  9 

0.  132 

21.8 

30.41 

3.  38* 

96.62* 

88.9 

11.  1 

26.3 

0.  115 

NOTE: 


Values  taken  from  Smith's  Figures 
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Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Radio  Noise.  Tropospheric  Measurements. 
Tropospheric  Analysis.    Propagation- Terrain  Effects.    Radio-Meteorology.    Lower  Atmosphere  Physics. 

Radio  Standards.  High  Frequency  Electrical  Standards.  Radio  Broadcast  Service.  Radio  and  Microwave  Materi- 
als. Atomic  Frequency  ana  Time  Interval  Standards.  Electronic  Calibration  Center.  Millimeter-Wave  Research. 
Microwave  Circuit  Standards. 

Radio  Systems.  High  Frequency  and  Very  High  Frequency  Research.  Modulation  Research.  Antenna  Research. 
Navigation  Systems. 

Upper  Atmosphere  and  Space  Physics.  Upper  Atmosphere  and  Plasma  Physics.  Ionosphere  and  Exosphere 
Scatter.    Airglow  and  Aurora.    Ionospheric  Radio  Astronomy. 


